IntroductIon
The current recommended standard therapy for chronic hepatitis B comprises of the interferon monotherapy or the oral antiviral drugs. [1, 2] The interferon therapy is known to inhibit hepatitis B virus (HBV) protein synthesis and to reduce intrahepatic covalently closed circular DNA (cccDNA), thereby inducing hepatitis B surface antigen (HBsAg) loss. [3, 4] On the other hand, although the oral antiviral therapy effectively suppresses viral replication in hepatitis B e antigen (HBeAg)-positive chronic hepatitis B patients, HBeAg/HBsAg loss or seroconversion rates are still low. [5, 6] Many researchers had tried to improve the efficacy using various combinations such as de novo combination treatment, sequential, or the late and add-on treatments. [7, 8] Until now, the scarcity of sequential treatment studies and lack of supporting data limit the application of sequential treatment to be recommended clinically. For instance, for the first time, Serfaty et al. [9] performed sequential treatment using lamivudine and interferon in HBV patients. The antiviral response including HBsAg seroconversion was more in sequential treatment group compared to oral antiviral mono-treatment group. The number of studies applying the sequential nucleotide analogs (NUCs) to pegylated interferon (Peg-INF) strategy was limited, and the following two studies did not support previous result.
[ 10] The current randomized controlled study investigated the treatment efficacy and adverse effects of sequential Peg-IFN treatment with short-term use of entecavir (ETV) for 12 weeks.
Methods

Ethical approval
The study was conducted in accordance with the Declaration of Helsinki and was approved by the Hanyang University Hospital Institutional Review Board/Ethics Committee (IRB No. HYUH 20104003).
All patients signed an informed consent prior to study participation and all centers were monitored by an independent institution.
Study design
The current phase IIIb, randomized, open-label study was conducted in ten centers of South Korea between June 2010 and June 2015. Patients were divided into Peg-IFN monotherapy (Peginterferon Alfa-2α, Pegasys, F. Hoffmann-La Roche Ltd., Basel, Switzerland) 180 µg once weekly for 48 weeks and sequential treatment groups (ETV; Baraclude, Bristol-Myers Squibb, New York, USA) 0.5 mg once daily for 4 weeks followed by a combination of ETV and Pegasys (for 8 weeks), followed by Pegasys alone (for 40 weeks). The randomization was performed using the central computer.
During the treatment period of 48 weeks (+8 weeks), the patients were followed up at 
Inclusion and exclusion criteria
Individuals aged 18 years or older with chronic hepatitis B (i.e., HBsAg positive for more than 6 months, positive HBeAg or negative HBeAg, or detectable HBV DNA (>100,000 copies/ml by polymerase chain reaction], or anti-HBs negative) and with serum alanine aminotransferase (ALT) level >2 times the upper normal limit (UNL) but <10 times the UNL were included.
The following individuals were excluded from the study: individuals receiving antiviral treatment for chronic hepatitis B and those with positive results for hepatitis A virus IgM antibody (Ab), hepatitis C virus (HCV)-RNA or HCV-Ab, and hepatitis D virus Ab or human immunodeficiency virus Ab; patients diagnosed with hepatoma or suspected liver malignancy, or individuals with <1500 neutrophils/mm 3 or <90,000 thrombocytes/mm 3 , or individuals with more than 1.5 times the UNL serum creatinine, or with signs of alcohol or drug abuse within <1 year before participating in study, and patients with pregnancy or lactation were excluded from the study. Individuals with a history of the following diseases were also excluded: serious mental disorders, especially depression, immunological infection, decompensated cirrhosis events (Child Pugh B-C), chronic liver failure, autoimmune hepatitis, alcoholic liver disease, chronic respiratory disorders, serious heart diseases, or serious seizure disorder. Moreover, patients contraindicated to Peg-IFN treatment including a history of thyroid disease, or taking anti-seizure drug, or received organ transplantation, were also excluded from the study.
Results: HBeAg seroconversion rate (18.2% vs. 18.2%, t = 0.03, P = 1.000) and seroclearance rate (19.7% vs. 19.7%, t = 0.03, P = 1.000) were same in both mono-treatment and sequential treatment groups. The rate of alanine aminotransferase (ALT) normalization (45.5% vs. 54.5%, t = 1.12, P = 0.296) and serum hepatitis B virus (HBV)-DNA <2000 U/L (28.8% vs. 28.8%, t = 0.10, P = 1.000) was not different in sequential and mono-treatment groups at 24 weeks of Peg-INF. Viral response rate (HBeAg seroconversion and serum HBV-DNA <2000 U/L) was not different in the two groups (12.1% vs. 16.7%, t = 1.83, P = 0.457). Baseline HBV-DNA level (7 log 10 U/ml vs. 7.5 log 10 U/ml, t = 1.70, P = 0.019) and hepatitis B surface antigen titer (3.6 log 10 U/ml vs. 4.0 log 10 U/ml, t = 2.19, P = 0.020) were lower and predictors of responder in mono-treatment and sequential treatment groups, respectively. Conclusions: The current study shows no differences in HBeAg seroconversion rate, ALT normalization, and HBV-DNA levels between mono-therapy and sequential therapy regimens. Trial Registration: ClinicalTrials.gov, NCT01220596; https://clinicaltrials.gov/ct2/show/NCT01220596?term=NCT01220596&rank=1.
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Efficacy analysis
The primary endpoint was HBeAg seroconversion at the end of follow-up period after the 24-week treatment. The secondary endpoints were changes in HBsAg titer, HBeAg-negative chronic infection status (combined HBeAg seroconversion and HBV DNA <2000 U/ml), serum HBV DNA <300 copies/ml, ALT normalization, and HBsAg loss. Primary and secondary efficacy indexes were analyzed at the end of treatment and at the end of follow-up. Responder was defined as HBeAg-negative chronic infection status (HBeAg seroconversion + HBV DNA <2000 U/ml).
Safety analysis
After drug administration, safety analysis was performed on all patients at least once. Measures of safety included adverse events, hematologic measurements, clinical chemical measurements, and vital signs. The association between AEs and drug therapy was determined by researchers at each center. The preferred terms for AEs and categorization were adopted from the Medical Dictionary for Drug Regulatory Affairs.
Dose adjustment guideline
Pegasys dose was de-escalated or temporarily discontinued if neutrophil counts were <750/mm 3 or <500/mm 3 , respectively. The treatment was restored when the neutrophil count increased to >1000/mm 3 . During treatment restoration, Pegasys dose (90 µg) and neutrophil count were carefully monitored. Moreover, at thrombocyte count <50,000/mm 3 , Pegasys dose was de-escalated (90 µg), while at <25,000/mm 3 , the dose was stopped. Whenever necessary, the first de-escalation was performed using 135 µg Pegasys (75%), while the second de-escalation was performed using 90 µg Pegasys (50%).
Statistical analysis
An intention-to-treat (ITT) analysis group included all patients who were randomly allocated and administered with Peg-INF at least twice during the clinical trial. The randomly allocated treatment groups were analyzed, and the primary and secondary variables for effectiveness were analyzed. The primary endpoint was analyzed using the Chi-square test, Fisher's exact test, and regression analysis. Patient characteristics were analyzed using Student's t-test and its nonparametric equivalent (Wilcoxon Rank-Sum test). SPSS for Windows version 16.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis.
results
Study participants
A total of 186 patients were screened. Among the screened patients, 24 patients who were unable to satisfy the study criteria were excluded [ Figure 1 ]. The remaining 162 patients were randomly divided into interferon monotherapy and sequential therapy groups. In both the groups, 15 patients were eliminated due to follow-up loss, side effects, treatment discontinuation, protocol violation, or declined participation.
Basic characteristics
There was no difference in average age of patients in both the interferon monotherapy and the sequential therapy groups [ Table 1 ]. One cirrhotic patient was included in the interferon monotherapy group (1.2%), while sequential therapy group had three cirrhotic patients (3.7%). There was no difference in HBV-DNA and HBsAg titers prior to treatment in both groups.
Viral response rate by intention-to-treat analysis
An ITT analysis was carried out among 162 randomly allocated patients. There was no difference in HBeAg seroconversion rates between the two groups with 16.0% (13/81) and 14.8% (12/81) (t = 0.03, P = 0.828), respectively. There was also no difference in response rate (HBeAg seroconversion and serum HBV-DNA <2000 U/L) between the interferon monotherapy and sequential therapy groups with 11.1% (9/81) and 13.6% (11/81) (t = 1.60, P = 0.633), respectively.
Viral response rate per protocol analysis
Among the 162 patients, the per protocol analysis was applied on 132 patients who were treated according to the study protocol [ Table 2 ]. After 12-week treatment, the interferon monotherapy group had more nonresponders compared to sequential therapy group. After 24 weeks, there was no difference in HBeAg seroclearance, HBeAb seroconversion, HBV DNA <2000 U/ml, HBV DNA <60 U/ml, responder rate (HBeAg seroconversion and serum HBV-DNA <2000 U/L), and ALT normalization between the two groups. Overall, during the entire treatment duration, there was no significant difference in HBV DNA and HBsAg levels between the two groups [ Figure 2 ]. No HBsAg loss was observed in both the groups after 24-week treatment. 
Adverse effects
Among the 162 participants, 69 patients experienced drug-related adverse effects, while 44 patients complained about side effects greater than grade II defined by the World Health Organization. However, there was no difference between the two groups. The interferon monotherapy group had more severe adverse reactions compared to sequential therapy group. No drug-related mortality was observed during the study [ Table 3 ]. The dose adjustments were made in five patients in interferon monotherapy group and two patients in sequential therapy group.
Predicting factors for viral response
Among the 132 study participants, HBeAg seroconversion and HBV DNA concentration in serum of 19 patients remained below 2000 U/ml. Predicting factors for viral response (HBeAg seroconversion and HBV DNA <2000 U/ml) in interferon-based treatment were analyzed [ Table 4 ]. Multivariate analysis showed that the baseline HBsAg titer was the only independent predictor of (<4 log 10 U/ml) HBeAg seroconversion and HBV DNA <2000 U/ml in interferon-based treatment.
The predicting factors determining responders and Table 5 ]. Among the patients receiving Peg-IFN monotherapy, the low baseline HBV DNA levels were observed in both responders and nonresponders. In the sequential therapy group, the low baseline HBsAg titer, HBV DNA reduction after 12-week treatment, serves as a predictor of HBeAg seroconversion and HBV DNA <2000 U/ml.
dIscussIon
The current study found that there was no difference in efficacy and adverse effects between the sequential Peg-IFN treatment group and Peg-IFN mono-treatment group. A number of published studies compared the effectiveness of combined Peg-IFN and NUC in treating hepatitis B. The first pivotal study showed no difference in HBsAg loss among the Peg-IFN + lamivudine de novo combination therapy group and lamivudine and Peg-IFN monotherapy groups. [11] ARES study evaluated the efficacy of late "add-on" strategy.
Add-on Peg-INF to ETV for 24 weeks showed better viral kinetics. However, there was no difference in HBeAg loss which was the primary endpoint. [12] NUC analogs of short-term pretreatment and late switch to Peg-INF regimens were adopted to evaluate the treatment effects on hepatitis B. However, to date, there are a limited number of studies utilizing the sequential NUC to Peg-INF strategy. For instance, there is only one published study regarding sequential NUC to Peg-INF strategy, which reported results similar to short-term ETV treatment. [10] In this study, 12-week ETV pretreatment could not increase Peg-IFN's HBeAg seroconversion rate (18.2%). Such difference is believed to be attributable to the fact that the current study is an investigator-initiated trial carried out in a real-life setting; dropout rate is high and genotype C is the predominant HBV genotype in Korea. [13] The level and changes of HBV DNA at 12 th week treatment were statistically significant (P < 0.001 and P = 0.001, respectively). In the OSST trial, ETV treatment led to HBe antigen loss; when HBsAg level was <1500 U/ml, treatment switching to Peg-IFN produced a great therapeutic effect with 22.2% HBsAg loss and 33.3% of HBeAg seroconversion. [14] Marcellin et al. [15] reported that 48-week combination therapy (Peg-IFN and tenofovir) had better results in HBsAg seroclearance (6.5%) than the 16-week combination therapy with Peg-IFN and tenofovir or the tenofovir monotherapy. Therefore, it is desirable to treat with interferon after full NUC treatment or add Peg-IFN and NUC for a longer period of time in order to enhance therapeutic action. It is also better to apply combination therapy more aggressively in patients with low baseline HBsAg level or high DNA-decreasing reduction at the 12 th week of treatment.
There was no significant difference in the safety profile of the current study and other previous monotherapy studies or Peg-IFN and ETV combination therapies. The limitations of the current study are as follows: first, the 6-month follow-up period was relatively short. Different results might have been produced if the follow-up period was prolonged. Second, HBV genotype test was not performed in the study groups. Previous studies suggest that HBsAg kinetics and HBeAg seroconversion rate are likely to vary according to genotypes. However, it would be impossible to find the difference by genotypes even though DNA genotype testing was carried out. The distribution of genotype C is nearly 100% in South Korea. [16] 087 Data were presented as mean ± SD. In the monotherapy group, lower baseline HBV DNA level is associated with response of HBeAg seroconversion and HBV DNA <2000 U/ml. In the sequential therapy group, lower baseline HBsAg titer and HBV DNA decreasing volume at the 3 rd month of treatment serve as predictors of HBeAg seroconversion and HBV DNA <2000 U/ml. HBV: Hepatitis B virus; DNA: Deoxyribonucleic acid; HBsAg: Hepatitis B surface antigen; SD: Standard deviation; HbeAg: Hepatitis B e antigen.
Consequently, the current study found that pretreatment with ETV did not enhance the therapeutic benefit of Peg-IFN compared to monotherapy. There was no difference in HBeAg seroconversion rate, ALT normalization, and HBV-DNA levels between monotherapy and sequential therapy groups. Otherwise, baseline HBsAg titer (<4 log 10 U/ml) was a predictor of responder in Peg-INF base treatment strategy.
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